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(57) ABSTRACT 

A method of micromechanically manufacturing ?xed and 
movable layer-like electrodes of a semiconductor element, 
for example, a capacitive acceleration sensor, Which are 
exposed over a substrate over a certain area is provided. A 
sacri?cial layer may be arranged betWeen the substrate and 
the ?xed and movable electrodes being removed in an 
etching step in order to expose the electrodes With respect to 
the substrate. The thickness of the sacri?cial layer located in 
the area of the ?xed electrodes may be less than the 
thickness of the sacri?cial layer located in the area of the 
movable electrodes. 

9 Claims, 5 Drawing Sheets 
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METHOD OF MICROMECHANICAL 
MANUFACTURING OF A SEMICONDUCTOR 

ELEMENT, IN PARTICULAR AN 
ACCELERATION SENSOR 

FIELD OF THE INVENTION 

The present invention relates to a method of microme 
chanical manufacturing of ?xed and movable layer-like 
electrodes of a semiconductor element, for example, a 
capacitive acceleration sensor, Which are exposed over a 
substrate over a certain area, a sacri?cial layer arranged 
betWeen the substrate and the ?xed and movable electrodes 
being removed in an etching step in order to expose the 
electrodes With respect to the substrate, and an acceleration 
sensor thus manufactured. 

BACKGROUND INFORMATION 

It is believed that in manufacturing semiconductor ele 
ments using micromechanical technology, such as accelera 
tion and rotational speed sensors, for example, a silicon 
dioxide sacri?cial layer may be selectively etched in order to 
obtain the functional components made of silicon. This 
reactive etching of the sacri?cial layer may take place in the 
gas phase via an aZeotropic mixture of H20 and HF. See, for 
example, M. Offenberg et al., “Acceleration Sensor in Sur 
face Micromachining for Airbag Applications With High 
Signal/Noise Ratio”; Sensors and Actuators, 1996, page 35, 
and German Published Patent Application No. 4 317 274. 

In the event of insuf?cient progress during the process, 
oxide residues may remain underneath the functional com 
ponent layer, Which may result in interference and inaccu 
rate response behavior in sensors, for example, acceleration 
sensors having non-movable electrode ?ngers ?xed on one 
side. These residues may appear at technologically unfavor 
able points Which are characteriZed by the fact that, after the 
sacri?cial layer has been etched, the functional layer over 
them is arched upWard from the etching front due to the 
intrinsic stress gradient, and in the process end state the 
distance betWeen the bottom of the structure layer and the 
top of the sacri?cial layer becomes greater. There are 
technologically favorable points Where the distance betWeen 
the surface of the sacri?cial layer and the bottom of the 
structure layer underneath the components anchored on both 
sides, such as elastically suspended seismic masses of an 
acceleration sensor, may be reduced due to the intrinsic 
stress gradient. An increased etching rate may result, Which 
may cause considerable inhomogeneity of the etching rate 
Within a sensor structure, Which may result in oxide residues 
underneath the ?xed electrodes and leaves considerable 
underetching in other places. 

The considerably inhomogeneous etching rate underneath 
the non-movable electrode ?ngers ?xed on one side and the 
movable central mass of an acceleration sensor may result in 
a criterion for ending the etching process that is dif?cult to 
de?ne When such acceleration sensors are mass produced. 
Considerable unWanted underetching may occur at several 
points of the component, for example, at the electric leads, 
While substantial oxide residues affecting the functionality 
of the sensor structure still exist in the area of the sensor core 
underneath the ?xed electrodes. 

SUMMARY OF THE INVENTION 

An exemplary method of the present invention is directed 
to providing a method Which alloWs micromechanical manu 
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2 
facture of components in vieW of the difficult of the micro 
scopically inhomogeneous etching rate in the manufacturing 
of semiconductor elements, Where layer-like electrode areas 
are exposed using sacri?cial layer etching, as in the case of 
?xed, comb-like electrodes of an acceleration sensor. 

Another exemplary method of the present invention is 
directed to providing a method Which alloWs the microme 
chanical manufacture of components in Which the etching 
rate in selective isotropic etching of silicon dioxide in an 
HZO/HF gas phase can be homogeniZed on a microscopic 
scale. 
Another exemplary embodiment and/or exemplary 

method of the present invention is directed to reducing the 
thickness of the sacri?cial oxide layer underneath the non 
movable electrode ?ngers ?xed on one side. Thus the 
etching rate may be substantially increased for kinetic 
reasons at these points and may approach the etching rate 
underneath the seismic mass. It is believed that reduction of 
the thickness of the sacri?cial oxide layer underneath the 
?xed electrode ?ngers may be achieved by correspondingly 
increasing the thickness of the epitaxial polycrystalline 
silicon layer formed over the sacri?cial layers Which is the 
material of the subsequently etched bare electrode ?ngers. 

In another exemplary embodiment and/or exemplary 
method of the present invention, the total time of the gas 
phase etching process (GPA) may be substantially reduced 
by adjusting the etching rate underneath the seismic mass 
and the ?xed electrode ?ngers. This may also provide 
improved homogeneity of the oxide removal from the sac 
ri?cial layer or sacri?cial layers Within a semiconductor 
element, for example, an acceleration sensor structure, over 
the entire Wafer. 

Another exemplary method of the present invention is 
directed to providing a method of micromechanical manu 
facture of ?xed and movable layer-like electrodes of a 
semiconductor element, for example, a capacitive accelera 
tion sensor, Which may be exposed over a substrate over a 
certain area, a sacri?cial layer arranged betWeen the sub 
strate and the ?xed and movable electrodes being removed 
in an etching step in order to expose the electrodes With 
respect to the substrate. The thickness of the sacri?cial layer 
located in the area of the ?xed electrodes may be less than 
the thickness of the sacri?cial layer located in the area of the 
movable electrodes. 

Another exemplary method of the present invention is 
directed to providing a method Where the thickness of the 
?xed electrodes after sacri?cial layer etching is greater than 
the thickness of the movable electrodes. The increase in the 
thickness of the ?xed electrode ?ngers of a sensor structure 
of this kind may result in the folloWing effects. 

For example, if the functional structures had the same 
layer thickness, the effective capacitive electrode area may 
be reduced, since a ?xed electrode ?nger may be bent 
upWard due to the stress gradient. Since at the same time the 
seismic mass, ?xed on both sides, may arch doWnWard, the 
electrode area of the opposite electrodes may be effectively 
reduced. 

For example, if the ?xed electrodes have a greater thick 
ness than the movable electrodes, the central mass itself may 
still be opposite the counterelectrode in the event of a high 
stress gradient. 

In the proposed layer structure, the sacri?cial layer under 
neath an area of the ?xed electrodes may be composed of a 
?rst sacri?cial layer, and the sacri?cial layer underneath an 
area of the movable electrodes may be composed of the 
above-named ?rst sacri?cial layer and a second sacri?cial 
layer located directly over it. 
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Another exemplary method of the present invention is 
directed to providing a method of manufacturing in the 
following consecutive steps: 

a) applying the ?rst sacri?cial layer to the entire surface 
of the substrate so that it covers the areas Where the 
?xed and movable electrodes are subsequently formed; 

b) applying a ?rst conductive layer over the ?rst sacri?cial 
layer so that it only covers the area Where the ?xed 
electrodes are subsequently formed; 

c) applying the second sacri?cial layer to the entire 
surface of the ?rst sacri?cial layer and the ?rst con 
ductive layer so that it covers the areas Where the ?xed 
and movable electrodes are subsequently formed; 

d) opening the second sacri?cial layer via the ?rst con 
ductive layer using a masked etching step so that the 
?rst conductive layer is exposed and only a small 
portion of the depth of the ?rst sacri?cial layer is etched 
aWay; 

e) applying a relatively thick doped epitaxial layer to the 
entire surface of the second sacri?cial layer and the 
conductive layer exposed in step d) to the thickness of 
the ?xed and movable electrodes to be subsequently 
formed; 

f) applying a mask structuring the ?xed and movable 
electrodes to the surface of the epitaxial layer, and, 
using the mask, ditches are etched into the epitaxial 
layer to a depth delimited by the surface of the ?rst 
sacri?cial layer in the area of the ?xed electrodes and 
by the surface of the second sacri?cial layer in the area 
of the movable electrodes; and 

g) isotropically etching the ?rst and second sacri?cial 
layers, resulting in approximately the same underetch 
ing rates of the sacri?cial layer underneath the ?xed 
electrodes and of the sacri?cial layers underneath the 
movable electrodes. 

Another exemplary embodiment and/or exemplary 
method of the present invention is directed to providing that 
the thickness of the ?rst sacri?cial layer is in the range of 
0.5—5 pm and the thickness of the second sacri?cial layer is 
in the range of 0.5—3 pm. 

Another exemplary embodiment and/or exemplary 
method of the present invention is directed to providing that 
the thickness of the ?xed electrodes is 1.5—20 pm and the 
Width of the ?xed and movable electrode strips or electrode 
?ngers of an acceleration sensor manufactured according to 
the exemplary embodiment and/or exemplary method of the 
present invention is in the range of 1—5 pm. 

Another exemplary method of the present invention is 
directed to providing a method Where both the thickness of 
the seismic mass and that of the ?xed electrode ?nger in the 
area of the sensor core may be increased to the same extent. 

In doing so, it should be ensured that the thickness of the 
sacri?cial layer is not reduced in the area of the suspension 
points. The function layer may be connected to the conduc 
tor via a bridge underneath the ?xed electrode. This 
mechanical connection may not be destabiliZed during the 
gas phase etching because the sacri?cial layer is thicker 
underneath the movable electrode structures than in the area 
underneath the ?xed electrode structures. 

Another exemplary embodiment of the present invention 
is directed to providing an acceleration sensor manufactured 
using the exemplary method of the present invention Which 
has a plurality of movable electrodes projecting from an 
elastically suspended movable mass designed as a central 
bar, alternating With non-movable electrodes ?xed on one 
side or on both sides, Which are opposite the movable 
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4 
electrodes. The electrodes ?xed on one side may have a 
conductive electrode strip connecting them on their end 
facing aWay from the central bar of the movable mass and 
directed perpendicular to the teeth of the comb-like elec 
trodes. 
Another exemplary embodiment and/or exemplary 

method of the present invention is directed to providing that 
the etching rate is the same underneath the ?xed electrodes 
and the movable central mass, so that the acceleration 
sensors or rotational speed sensors may be mass manufac 
tured With a considerably higher yield and higher reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a top plane vieW of an acceleration sensor 
that can be manufactured using an exemplary method 
according to the present invention. 

FIG. 2 shoWs the variation of the etching rate When 
etching the sacri?cial layer as a function of the thickness of 
the sacri?cial layer (gap Width). 

FIG. 3A shoWs a formation of layers in an order of the 
exemplary method steps according to the present invention, 
in cross-section along section line 3—3 according to FIG. 1. 

FIG. 3B shoWs another of the layers in the order of the 
exemplary method steps according to the present invention, 
in cross-section along section line 3—3 according to FIG. 1. 

FIG. 3C shoWs another of the layers in the order of the 
exemplary method steps according to the present invention, 
in cross-section along section line 3—3 according to FIG. 1. 

FIG. 3D shoWs another of the layers in the order of the 
exemplary method steps according to the present invention, 
in cross-section along section line 3—3 according to FIG. 1. 

FIG. 3E shoWs another of the layers in the order of the 
exemplary method steps according to the present invention, 
in cross-section along section line 3—3 according to FIG. 1. 

FIG. 3F shoWs another of the layers in the order of the 
exemplary method steps according to the present invention, 
in cross-section along section line 3—3 according to FIG. 1. 

FIG. 3G shoWs another of the layers in the order of the 
exemplary method steps according to the present invention, 
in cross-section along section line 3—3 according to FIG. 1. 

FIG. 3H shoWs another of the layers in the order of the 
exemplary method steps according to the present invention, 
in cross-section along section line 3—3 according to FIG. 1. 

FIG. 4 shoWs a cross-section through an acceleration 
sensor according to FIG. 1 along section line 3—3 according 
to another exemplary embodiment of the present invention. 

DETAILED DESCRIPTION 

FIG. 1 shoWs, via top vieW, a capacitive acceleration 
sensor Which can be manufactured using an exemplary 
method embodiment according to the present invention. The 
capacitive acceleration sensor shoWn may have a movable 
central mass and movable electrodes 143 projecting from it. 
Alternating With movable electrodes 143, ?xed electrodes 
142 Which may be connected by a printed conductor are 
provided. The electrodes may be manufactured from doped 
polycrystalline silicon or from germanium in a thickness of 
betWeen 1.5 and 20 pm. The conductors may be made of 
doped polycrystalline silicon in a thickness of betWeen 0.3 
pm and 1 pm. The movable mass may oscillate in the Y 
direction, i.e., the vertical direction in the plane of the 
draWing, a U spring determining the point of rest of the 
oscillation and a de?ection limit determining the maximum 
de?ection. 
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The structural measures proposed may allow equalizing 
the underetching rate of the sacri?cial layer or sacri?cial 
layers underneath ?xed electrodes 142 and underneath mov 
able electrodes 143 arranged on the movable mass. The 
etching behavior may thereby be homogenized and the 
processing time may be signi?cantly reduced. In such exem 
plary embodiments, the etching rate may be increased only 
in the area of the sensor core and not in the areas of electric 
leads. 

Another exemplary method of the present invention, in 
accordance With FIG. 1, is directed to providing in the case 
of thick oxides (lateral attack in the underetching of struc 
ture layers) and attack of unstructured oxide surfaces 
(vertical attack on free oxide surfaces) that the etching rate 
of SiO2 in selective isotropic etching in an HF-H2O gas 
phase is determined by the concentration of the reaction 
partners HF and H20. The reactive attack in the gas phase 
may be described, in a simpli?ed manner, by the folloWing 
reaction equations: 

(3) 

HF is consumed in the reaction With SiO2. The Water 
involved in the reaction initiates the etching attack of SiO2 
by HF according to equation It is left, hoWever, 
unchanged again after the reaction and may enter a neW 
reaction according to equation 

The etching rate may be in?uenced by controlling the 
kinetic supply and removal of the reactants to and from the 
surface almost independently of the mean concentration of 
the reaction partners in the gas phase. Dependence on the 
kinetic conditions may be observed When etching thin 
oxides Which are used, for example, as sacri?cial layers 
underneath structure layers. It has been found that the lateral 
etching rate (underetching rate) may depend on the thickness 
of the sacri?cial layer. Thus, for a 1.6 pm thin SiO2, the 
underetching rate can be found to be approximately 1.5 
times higher than for a 4 pm thick oxide. See FIG. 2. 

This effect may be explained by the fact that the H20 
involved in the etching reaction of SiO2 escapes sloWly from 
the narroW gap betWeen substrate and function layer 
exposed by the etching front. This may cause the rapid 
reaction according to equation (1) to occur preferentially, 
Which increases the etching rate considerably. In the case of 
a thick oxide, the removal of H20 may be hindered by the 
gap geometry to a lesser extent, Which contributes to a loWer 
etching rate than in the case of a thin oxide. 

FIG. 2 shoWs the variation of the etching rate With the 
thickness of the sacri?cial oxide layer. 

This effect may be noticeable in etching micromechanical 
structures such as, for example, in the manufacture of the 
exemplary acceleration sensor of FIG. 1, and may result in 
considerable inhomogeneity of the underetching rate Within 
a sensor element. 

This effect has been observed in electron micrographs of 
acceleration sensors, Where it may be seen that the sacri?cial 
oxide underneath the central movable mass has been com 
pletely removed during gas phase etching. In contrast, in 
bare electrodes suspended on one side substantial residues of 
unetched oxide Were observed. These oxide residues may 
appear exclusively underneath the ends of the ?xed elec 
trodes. 

The microscopic inhomogeneity of the etching rate under 
the structure of an acceleration sensor may be explained 
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6 
taking into account the dependence of the underetching rate 
on the Water removal Which in turn may be in?uenced by 
kinetic factors. 

In an actual component, the stress gradient in the structure 
layer of a strip-shaped electrode (bar) ?xed on one side 
results in bending upWard, since one of the ends is free. This 
may increase the distance betWeen the electrode strips and 
the oxide surface, especially in the end region of the 
electrode ?nger, Which may alloW the Water involved in the 
reaction to escape more rapidly. As a result, the etching rate 
may be substantially reduced and oxide residues may 
remain, for example, in the area of the bent ?xed electrodes, 
after the process is terminated. 

In the case of a bar ?xed on both sides, the doWnWard 
distance may be reduced by the stress gradient, since the bar 
bends doWnWard With its free central section. The movable 
central mass connected to tWo U springs corresponds to this 
case. In this case, the reaction product can only escape 
sloWly, Which may increase the etching rate, and the prob 
ability of oxide residues remaining after the process has 
been terminated may be loW. 

Another exemplary embodiment and/or exemplary 
method of the present invention is directed to providing a 
layer structure, in vieW of the microscopically inhomoge 
neous etching rate, through Which the underetching rate in 
the area of the non-movable electrodes ?xed on one side and 
that of the movable seismic mass ?xed on both sides may be 
equaliZed. This structural measure may accelerate the etch 
ing rate underneath the ?xed electrodes, Which may result in 
the overall process time in gas phase etching being reduced 
by a factor of 1.5. Also, the underetching in the area of the 
unprotected conductors may be reduced compared to that of 
the sensor structure. 
The layer structure and the exemplary method steps are 

explained With respect to FIGS. 3A—3H, Which shoW a 
cross-section of an exemplary acceleration sensor according 
to FIG. 1 in the area of the sensor core along section line 
3—3. 

FIG. 3A shoWs that a ?rst sacri?cial layer 91, Which may 
be Which may be made from SiO2 or phosphorus silicate 
glass, having a thickness d1, may be applied to a substrate 
11 and a ?rst conductive layer 92 may be applied to ?rst 
sacri?cial layer 91. Conductive layer 92 may be structured 
by the method into narroW strips. This layer may be used as 
a conductor in other areas of the sensor element. Thickness 
d1 of ?rst sacri?cial layer 91 may be betWeen 0.5 pm and 5 
pm. Conductor 92 may be betWeen 0.3 pm and 1 pm thick. 

In the next step shoWn in FIG. 3B, a second sacri?cial 
layer 101 may be deposited. The second sacri?cial layer 101 
may be made of SiO2 produced using a CVD method. Its 
thickness should be in the range betWeen 0.5 pm and 3 pm. 

FIG. 3C shoWs that second sacri?cial layer 101 may be 
opened using a masked etching step, for example by reactive 
ion etching (RIE) in order to expose conductor 92. Opening 
111 thus produced may be of the same siZe as, smaller, or 
someWhat larger than the length of conductor 92. When 
second sacri?cial layer 101 is opened, it should be ensured 
that no more than 0.5 pm of the depth of the ?rst sacri?cial 
layer is etched aWay. 

FIG. 3D shoWs the deposition of a thin, doped silicon 
nucleation layer 121, Which may be deposited at loW tem 
peratures in order to facilitate the deposition of a thick Si 
layer. 

FIG. 3E shoWs a thick, doped epitaxial silicon layer 131 
deposited, at high temperatures, on nucleation layer 121 
deposited according to FIG. 3D. This polycrystalline silicon 
?lm 131 is then ?nished by a chemical-mechanical polishing 
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step so that layer 131 may have a smooth surface. A mask 
132, 133 Which may be composed of photoresist, oxide, or 
metal is structured on this surface. This masking 132, 133 
may correspond to the structure of ?xed electrodes 142 and 
movable electrodes 143. In the same manner, the dimension 
of the opening 111 produced in second sacri?cial layer 101 
according to FIG. 3C corresponds to an area A of ?xed 
electrodes 142, While the section of second sacri?cial layer 
101 remaining on both sides of opening 111 de?nes an area 
B of movable electrodes 143. 

FIG. 3F shoWs deep ditches 141 etched in an anisotropic 
etching step into structure layer 131 formed in FIG. 3E. The 
etching attack selectively may stop at ?rst sacri?cial layer 91 
in area A of ?xed electrodes 142 and at second sacri?cial 
layer 101 in area B of movable electrodes 143. Thus a thick 
sacri?cial oxide layer (thickness d2), composed of sacri?cial 
layers 91, 101, may be underneath the structure layer 
sections (B) provided for the movable electrodes, While only 
thinner oxide layer 91 (thickness d1<d2) is underneath the 
structure layers provided for forming ?xed electrodes 142 
Within area A. 

Subsequently sacri?cial layers 91, 101 may be isotropi 
cally etched. The increase in the etching rate due to kinetics 
underneath ?xed electrodes 142 may result in rapid 
underetching, at a rate Which may be higher than the 
underetching rate in the area of movable electrodes 143. 

FIGS. 3G and 3H shoW the smaller thickness d4 of 
movable electrodes 143 and the greater thickness d3 of ?xed 
electrodes 142 that may result in such an exemplary embodi 
ment of the present invention. 

FIG. 3H shoWs that movable electrode 143, ?xed on tWo 
sides may be pressed doWnWard by a distance AZ due to the 
stress gradient of the structure layer, resulting in a higher 
etching rate here, Which may be comparable to the etching 
rate underneath ?xed electrodes 142. 

FIG. 4 shoWs the cross-section of the structure according 
to another exemplary embodiment of the present invention 
in Which ?xed and movable electrodes of the same thickness 
may be achieved. The thickness of both the seismic mass and 
the ?xed electrode ?nger in the area of the sensor core may 
be increased using the process sequence of the exemplary 
method of the present invention according to FIGS. 3A—3H. 
It should be ensured here that the thickness of the sacri?cial 
layer in the area of the points of suspension is not dimin 
ished. According to FIG. 4, function layer 181 may be 
connected to conductor 183 via a bridge. This mechanical 
connection may not be destabiliZed during gas phase etching 
because sacri?cial layer 184 is thicker than in area 185 
underneath structures 182. 
What is claimed is: 
1. A method of micromechanically manufacturing a lay 

ered ?xed electrode and a layered movable electrode of a 
semiconductor element, Which are exposed over a substrate, 
over a certain area, comprising: 

removing a sacri?cial layer by etching to expose the ?xed 
electrode and the movable electrode With respect to the 
substrate; Wherein: 
the sacri?cial layer is arranged betWeen the substrate 

and the ?xed electrode and the movable electrode, 
the substrate being on a ?rst side on the sacri?cial 
layer, and the ?xed electrode and the moveable 
electrode being on a second side of the sacri?cial 
layer, the ?rst side being a side opposite the second 
side; and 

a ?rst thickness of the sacri?cial layer located in a ?rst 
area of the ?xed electrode is less than a second 
thickness of the sacri?cial layer located in a second 
area of the movable electrode. 
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8 
2. A method of micromechanically manufacturing a lay 

ered ?xed electrode and a layered movable electrode of a 
semiconductor element, Which are exposed over a substrate, 
over a certain area, comprising: 

removing a sacri?cial layer by etching to expose the ?xed 
electrode and the movable electrode With respect to the 
substrate; Wherein: 
the sacri?cial layer is arranged betWeen the substrate 

and the ?xed electrode and the movable electrode; 
a ?rst thickness of the sacri?cial layer located in a ?rst 

area of the ?xed electrode is less than a second 
thickness of the sacri?cial layer located in a second 
area of the movable electrode; and 

Wherein the ?rst thickness of the ?xed electrode is 
greater than the second thickness of the movable 
electrode, the removing of the sacri?cial layer by 
etching. 

3. A method of micromechanically manufacturing a lay 
ered ?xed electrode and a layered movable electrode of a 
semiconductor element, Which are exposed over a substrate, 
over a certain area, comprising: 

removing a sacri?cial layer by etching to expose the ?xed 
electrode and the movable electrode With respect to the 
substrate; Wherein: 
the sacri?cial layer is arranged betWeen the substrate 

and the ?xed electrode and the movable electrode; 
a ?rst thickness of the sacri?cial layer located in a ?rst 

area of the ?xed electrode is less than a second 
thickness of the sacri?cial layer located in a second 
area of the movable electrode; and 

Wherein the sacri?cial layer underneath the ?rst area of 
the ?xed electrode includes a ?rst sacri?cial layer, 
and the sacri?cial layer underneath the second area 
of the movable electrode includes the ?rst sacri?cial 
layer and a second sacri?cial layer located above the 
?rst sacri?cial layer. 

4. The method of claim 3, further comprising: 
applying the ?rst sacri?cial layer to an entire surface of 

the substrate so that the ?rst sacri?cial layer covers the 
?rst area and the second area Where the ?xed electrode 
and the movable electrode are subsequently formed; 

applying a ?rst conductive layer over the ?rst sacri?cial 
layer so that the ?rst conductive layer only covers the 
?rst area Where the ?xed electrode is subsequently 
formed; 

applying the second sacri?cial layer to an entire surface of 
the ?rst sacri?cial layer and the ?rst conductive layer so 
that the second sacri?cial layer covers the ?rst area and 
the second area Where the ?xed electrode and the 
movable electrode are subsequently formed; 

opening the second sacri?cial layer via the ?rst conduc 
tive layer by a masked etching to expose the ?rst 
conductive layer and to etch aWay a small depth portion 
of a depth of the ?rst sacri?cial layer to provide an 
exposed ?rst conductive layer; 

applying a relatively thick, doped epitaxial layer to an 
entire surface of the second sacri?cial layer and the 
exposed ?rst conductive layer to a thickness of the 
?xed layer-like electrode and a thickness of the mov 
able electrode to be formed subsequently; 

applying a mask patterning the ?xed electrode and the 
movable electrode to a surface of the epitaxial layer and 
using the mask to etch ditches into the epitaxial layer to 
a depth delimited by a surface of the ?rst sacri?cial 
layer in the ?rst area of the ?xed electrode and by a 
surface of the second sacri?cial layer in the second area 
of the movable electrode; and 



US 6,679,995 B1 
9 

isotropically etching the ?rst sacri?cial layer and the 
second sacri?cial layer for providing approximately 
same undercutting rates of the sacri?cial layer under 
neath the ?xed electrode and of the sacri?cial layer 
underneath the movable electrode; Wherein the steps 
are consecutively performed. 

5. A method of micromechanically manufacturing a lay 
ered ?Xed electrode and a layered movable electrode of a 
semiconductor element, Which are eXposed over a substrate, 
over a certain area, comprising: 

removing a sacri?cial layer by etching to eXpose the ?Xed 
electrode and the movable electrode With respect to the 
substrate; Wherein: 
the sacri?cial layer is arranged betWeen the substrate 

and the ?Xed electrode and the movable electrode; 
a ?rst thickness of the sacri?cial layer located in a ?rst 

area of the ?Xed electrode is less than a second 
thickness of the sacri?cial layer located in a second 
area of the movable electrode; and 

Wherein the thickness of the ?rst sacri?cial layer is in 
a range of 0.5 pm to 5 pm and the thickness of the 
second sacri?cial layer is in a range of 0.5 pm to 3 
pm. 

6. A method of micromechanically manufacturing a lay 
ered ?Xed electrode and a layered movable electrode of a 
semiconductor element, Which are eXposed over a substrate, 
over a certain area, comprising: 

removing a sacri?cial layer by etching to eXpose the ?Xed 
electrode and the movable electrode With respect to the 
substrate; Wherein: 
the sacri?cial layer is arranged betWeen the substrate 

and the ?Xed electrode and the movable electrode; 
a ?rst thickness of the sacri?cial layer located in a ?rst 

area of the ?Xed electrode is less than a second 
thickness of the sacri?cial layer located in a second 
area of the movable electrode; and 

Wherein the thickness of the ?Xed electrode is in a range 
of 1.5 pm to 20 pm. 

7. A method of micromechanically manufacturing a lay 
ered ?Xed electrode and a layered movable electrode of a 
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semiconductor element, Which are eXposed over a substrate, 
over a certain area, comprising: 

removing a sacri?cial layer by etching to eXpose the ?Xed 
electrode and the movable electrode With respect to the 
substrate; Wherein: 
the sacri?cial layer is arranged betWeen the substrate 

and the ?Xed electrode and the movable electrode; 
a ?rst thickness of the sacri?cial layer located in a ?rst 

area of the ?Xed electrode is less than a second 
thickness of the sacri?cial layer located in a second 
area of the movable electrode; and 

Wherein the ?Xed electrode and the movable electrode 
are provided in a form of an electrode strip, a Width 
of each electrode strip being in a range of 1 pm to 5 
pm. 

8. Amicromechanically manufactured acceleration sensor 
comprising: 

a layered ?Xed electrode; 
a layered movable electrode; 
a substrate Wherein the ?Xed electrode and the movable 

electrode are bare over the substrate; 

a sacri?cial layer Wherein: 
the sacri?cial layer is removed by etching to eXpose the 

?Xed electrode and the movable electrode With 
respect to the substrate, and the sacri?cial layer is 
arranged betWeen the substrate and the ?Xed elec 
trode and the movable electrode, the substrate being 
on a ?rst side on the sacri?cial layer, and the ?Xed 
electrode and the moveable electrode being on a 
second side of the sacri?cial layer, the ?rst side being 
a side opposite the second side; and 

a ?rst thickness of the sacri?cial layer located in a ?rst 
area of the ?Xed electrode is less than a second 
thickness of the sacri?cial layer located in a second 
area of the movable electrode. 

9. The method of claim 1, Wherein the semiconductor 
element includes a capacitive acceleration sensor. 

* * * * * 


